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If conformal Weyl scaling symmetry is postulated to be a general property of all elemen- 
tary fields, both gravitational and electroweak theory are modified. In uniform, isotropic 
geometry, conformal gravitational and Higgs scalar fields imply a modified Friedmann 
cosmic evolution equation that defines a cosmological constant (dark energy) . This equa- 
tion has been parametrized to fit relevant cosmological data within empirical error limits. 
The Higgs mechanism for gauge boson mass is preserved in conformal theory, but the 
imaginary mass parameter w 2 of the Higgs model is required to be of dynamical origin. It 
is shown here in a simplified calculation that the cosmological time dependence of nomi- 
nally constant parameters of a conformal Higgs model couples scalar and gauge fields and 
determines parameter w 2 . The implied cosmological constant is in order-of-magnitude 
agreement with its empirical value. 

Keywords: Conformal theory; Higgs scalar field; dark energy 
PACS Nos.: 04.20. Cv,11.15.-q,98.80.-k 



1. Introduction 

Extension of gravitational theory to incorporate local Weyl scaling (conformal) sym- 
metry has been shown to resolve a number of longstanding paradoxes.^ In the uni- 
form, isotropic geometry of standard cosmology, a conformal scalar field is required 
in order to produce the observed Hubble expansion.^ The Higgs mechanism for 
SU(2) symmetry breaking and gauge boson mass invokes a scalar field $ such that 
= 4>q is a nonzero constant!^ A spacetime constant field is necessarily a cosmo- 
logical entity. Conformal symmetry modifies the standard Higgs model by requiring 
the scalar field Lagrangian density to include a term proportional to gravitational 
Ricci scalar R. The energy-momentum tensor of such a field contains a term that 
acts as a cosmological constant (dark energy) W 

Postulating universal conformal symmetry for all massless elementary fields, this 
suggests that Higgs symmetry-breaking and dark energy are two different effects of 
a unique conformal scalar field. These assumptions have been shown to be consistent 
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with cosmological datcP^l an d with the Higgs mechanism itself. ^^El 

If these assumptions are valid, a crucial parameter in the Higgs model can be 
identified with the cosmological constant. The present paper tests this implication 
by an approximate calculation of this parameter, using the formalism of elementary 
particle theory. The result agrees in magnitude with its empirical value 01 

2. Implications of universal conformal symmetry 

Conformal symmetry is defined by local Weyl scaling such that metric tensor 
9nv{%) ~^ 9^(x)il 2 (x)^ior arbitrary real differentiable Q(x). T{x) -t Cl d (x)T(x) + 
IZ(x) defines weight d[T] and residue TZ[T] for any Lorentz tensor T{x). For Lorentz 
scalar Lagrangian density £, action integral I = J d 4 Xy/—gC is a conformal invari- 
ant if weight d[C] = —4 and residue 1Z[£] = up to a 4- divergence P g here is the 
determinant of the metric tensor. For scalar field $, = —1. The fundamental 
postulate that all primitive fields have conformal Weyl scaling symmetry is satisfied 
by the gauge fields, but not by the scalar field as usually assumed.^ 

Conformal symmetry requires term — m £ $ {D Ricci scalar R here is 
defined as contraction g^R flL ' of the gravitational Ricci tensor. In standard elec- 
troweak theory^, the Higgs scalar field model postulates incremental Lagrangian 
density AC = w 2 && — A(<& 1 '$) 2 . A($t<I>) 2 with any real A retains conformal sym- 
metry, but w 2 &$> does not, and must be generated dynamically. Some remarkable 
implications of conformal modification of electroweak theory are explored here. 

Because conformal gravitational C g vanishes identically in uniform isotropic ge- 
ometry, the gravitational field equation due to — ii?<f>^<f> in drives conformal 
C0sm0 l 0gy !H3]The relevant parameters are ^, A, and Ricci scalar R. The resulting 
modified Friedmann equation contains a cosmological constant determined by w . 

Because Ricci scalar R varies on a cosmological time scale, it induces an ex- 
tremely weak time dependence of <j>Q, which in turn produces source current den- 
sities for the gauge fields. As shown here, the resulting coupled semiclassical field 
equations determine nonvanishing but extremely small parameter w 2 , in agreement 
with the cosmological constant deduced from empirical data. This argument de- 
pends only on squared magnitudes of quantum field amplitudes. 

Although the interacting field solutions break conformal symmetry, the dynam- 
ically induced w 2 is shown here to preserve the conformal condition that the trace 
of the total energy-momentum tensor should vanishPl 

3. The modified Friedmann equation 

In cosmological theory, a uniform, isotropic universe is described by Robertson- 
Walker (RW) metric ds 2 = dt 2 - a 2 (f)(fz^r + r 2 du 2 ), where c = H = 1 and du? = 
dO 2 + sin 2 9d(f) 2 . Scale factor a(t) satisfies a Friedmann equation, which determines 
Hubble expansion. 



If 5C = x^Sg^v, metric functional derivative 




of action integral I = 
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/ d^x^f^C is X^ v = x^ v + \g^C. The energy-momentum tensor is 8^ = -1X» V . 
For conformal gravitational action I g in RW geometry, X^ u vanishes identically^ 
Conformal action integral /$ depends on R, such that X£ v = ^R^&Q + ^C^g^ v . 
In RW geometry, this results in a gravitational field equation X£" — |6^fP driven 
by energy- momentum tensor = —2X% / for uniform matter and radiation. Since 
O m is finite, determined by fields independent of $, X$ must also be finite, regard- 
less of any parameters of the theory. This precludes spontaneous destabilization of 
the conformal Higgs modelP^ 

The scalar field equation including AC isP = (-±R + w 2 - 2A$ t $)$. 

Generalizing the Higgs construction, and treating Ricci R as a constant, = 
(w 2 — ii?)/2A if this ratio is positive. Evaluating Xj for this solution, and defining 
R = —3/0Q an d A = | w 2 , the gravitational field equation in RW geometry is 

- ^Rg^ + Ag^ = (1) 

Traceless tensor R^ v — \Rg^ v replaces Einstein tensor G^ v in this conformal theory. 
Energy density p — 0°" implies the modified Friedmann equation^ 

o 2 k a 2, T . . . 

^ + ^-«-3 ( ^ + A) - (2) 

Consistency requires trace condition g fll/ Ag t11 ' = 4 A = —Rg^ v 9%. From the def- 
inition of an energy-momentum tensor, this is just the conformal trace condition^ 
g^yiX 1 ^ + X^) = 0. Vanishing trace eliminates the second Friedmann equation 
derived in standard theory. Although the induced gauge field considered here breaks 
conformal symmetry, a detailed argument given below shows that the trace condi- 
tion is preserved. 

4. Semiclassical coupled field equations 

The Higgs modePl derives gauge boson mass from coupling via covariant derivatives 
to a postulated SU(2) doublet scalar field SU(2) symmetry is broken by a solution 
of the scalar field equation such that <&' <E> = (j) 2 ,, a spacetime constant. Only one 
component of doublet field <E> is nonzero. 

The essential result of the Higgs model, generation of gauge field masses, follows 
from a simplified semiclassical theory of the coupled scalar and gauge fields!^ This is 
extended here to include the gravitational field, metric tensor g^, but greatly sim- 
plified by assuming the standard cosmological model described by Robertson- Walker 
geometry. This is further simplified, for the purpose of establishing credibility and 
orders of magnitude, by considering only the U(l) gauge field B^. The nonlinear 
coupled field equations are solved to obtain definite numerical results. 

U(l) gauge invariance replaces bare derivative by covariant derivative = 
dfi + ^gbBfj_. This retains Cb and augments conformal C% by coupling term AC = 
(r> M $)tD"* - = y b B^{d^)^ - ybBl&d^Q + \g 2 b &BlBv<5>. Weyl 
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scaling residues in AC cancel exactly for real gauge fields, so that the total energy- 
momentum tensor is conformal and traceless. This trace condition must be verified 
for the pure imaginary gauge field derived here. 

Derivatives due to cosmological time dependence act as an extremely weak per- 
turbation of the Higgs scalar field. The scalar field is dressed by an induced gauge 
field amplitude. Derivatives of the induced gauge field (but not of $) can be ne- 
glected and are omitted from the derivation here. 

If AC were equivalent to standard parametrized (w 2 — A<l ) t < I>) < I>t<I> j the scalar 
field equation would be 

d u d> l $ + -m = = (w 2 - 2A$ t $)$. (3) 

6 6& 

T^^r - {eiW* ^ + b^* (4) 

implies w 2 = jg 2 B*^B^. Pure imaginary B^ does not affect A. 

dv B»" = 2 J= 8 -£L=m%B»-J%, (5) 

V 9 p> 

for a massive vector field AC given above determines parameters for field B^. 

' ' " A/ = I 9 2 $ t$ B M _ Zffb $t^$ ( 6 ) 



V=9 SB; T 

implies m 2 B = \g 2 §\, verifying the Higgs mass formula. Defining real parameter 

4^, the fields are coupled by pure imaginary source density J B — ig^^d <fio = 

ig(,^cj)Q(f> . Neglecting derivatives of induced field B^\ the gauge field equation re- 
duces to m 2 B B^ = j£. 

The standard Higgs model omits R and assumes u> 2 ,A > 0. For exact solution 
$ = 0o of the scalar field equation, constant = <\>\ — w 2 /2X. This implies 
^ = 0, which does not couple the fields. 

In conformal theory, solving the modified Friedmann equation determines Ricci 
scalar R(t), which varies in cosmological time, but retains ^R~w 2 > oPHence, for 
A < 0, = cf% = {\R-id 2 )/{-2\). If w 2 and A remain constant, & = ^-Rztnjr ^ 
0. This implies small but nonvanishing 4^, hence nonzero source current J B . The 

scalar field equation implies w 2 = jg 2 \B\ 2 , proportional to (^) 2 - The induced U(l) 
gauge field does not affect parameter A. 

Omitting SU(2) gauge field W M here, parameter A is not determined, w 2 and 4>o 
are well-defined if A < 0, as required by empirical R > 6w 2 . Verifying the conformal 
Higgs model, gauge field B^ acquires mass from coupling to <£. 

The coupled fields break conformal and SU(2) symmetries. Time-dependent R 
implies nonvanishing real 4> and pure imaginary J B . Complex solutions of the gauge 
field equations, induced by pure imaginary current densities, exist but do not pre- 
serve gauge symmetry. Imaginary gauge field amplitudes model quantum creation 
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and annihilation operators. Only the squared magnitudes of these nonclassical en- 
tities have classical analogs. 

5. Numerical values 

The Robertson- Walker metric for uniform, isotropic geometry is determined for 
rcdshift z(t) by scale factor a{t) = 1/(1 + z{t)). Ricci scalar R = 6(£o(*) + 
where £o(0 = § an d = + 3r- Fitting the modified Friedmann equation to 
cosmological data determines dimensionless parameters at present time to?^ 

O g = da/d 2 = 0.271, fl A = w 2 = 0.717, O fe = -fc/a 2 = 0.012. (7) 

Here H(t) = — is defined in units of the current Hubble constant Hq, so that 
ff(i ) = 1. Then \R = ^(1 - fi fe + fj g ) and w 2 = §^ A - w(*o) = yflh. in Hubble 
energy units (HH = 1.503 x 10~ 33 ey). 

From the scalar field equation, 0q = — C/2A, where 

1 d 2 

C = ^i?- w 2 = -^{i-n A -n q -n k + 2n q ). (8) 

Computed C(*o) = 1-224 x \Q- m eV 2 . If <j) Q = lSOGeV^ dimensionless A = 
— ^C/0o = — 0.189 x 10~ 88 . Because A < 0, the conformal model does not imply a 
Higgs particle mass.El 

Given t(z), £ = -^ff • For z -> 0, J -> -^f in Hubble units (Ho/sec), 
such that -(to) = 1- The dynamical value of w 2 due to induced field is w 2 B = 
\g 2 \B\ 2 . Using m\ = \g 2 <&, \B\ 2 = \J B \ 2 /m%, and \J B \ 2 = g 2 b ($%) 2 $, this reduces 
to w 2 B = {^) 2 - Numerical solution of the modified Friedmann equatiorP implies 
0^(*o) = —2.651, so that w 2 B = 7.027, in Hubble units. In energy units, w B — 
2.°651/Lff = 3.984 x 10" 33 eF. 

6. Verification of the trace condition 

If any covariant V a is independent of metric variations, contravariant V a = g a ^Vp 
is not. SV a — —g a ^5g^ y g v ^Vi3 follows from the reciprocal matrix formula. This 
implies S(U a V a ) = —U^VSg^, for any scalar product in a Lagrangian density. 
The resulting term in the functional derivative of an action integral is I* 1 " = 
-WV + y^UvVi, whose trace is g^X^ = U^V. Since AC here is a sum 
of scalar products, trace AX = j )11/ AA'"' = AC. For B^ — Jfi/m B , trace AX is 
AC = -\m 2 B \B\ 2 = -w 2 4>l. 

For noninteracting fields, both £$ and Cb are conformal. Denoting trace g /J-l/ X£ 1 ' 
by X a in general, bare field traces X$ and X B vanish. Time dependence of the scalar 
field adds a kinetic energy term to X$: (do$yd°& = = w 2 c/)q. Adding this to 
AX, the total trace vanishes. 
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7. Conclusions 

The present results provide an explanation of the huge disparity in magnitude of 
parameters relevant to cosmological and elementary particle phenomena. Small pa- 
rameter w 2 ~ lQ~ &Q eV 2 is determined by a cosmological time derivative, on a time 
scale 10 10 years, while 4>q = 3.24 x 10 22 eV 2 is the large ratio of two small parameters, 
approximately \ w 2 / | A | . 

Parameter Q\ — w 2 = 0.717 is determined by fitting the modified Friedmann 
cosmic evolution equation of conformal theory to well-established cosmological 
dataPThis determines parameter w = ^JQtsJiHo — 1.273 x 10~ 33 eV". These calcula- 
tions also determine the time derivative of the cosmological Ricci scalar, which im- 
plies nonvanishing source current density for the U(l) gauge field, treated here as a 
classical field in semiclassical coupled field equations. The resulting field intensity de- 
termines the U(l) contribution to w 2 such that wb — 2.651hH = 3.984 x 10~ 33 eV. 

This is only an order-of-magnitude estimate, since the derivation omits the SU(2) 
gauge field and ignores the cosmological time dependence of dynamical parameters 
in solving the Friedmann equation. A quantitative test must include the SU(2) 
gauge field and evaluate time dependence of all nominal constants. The estimate of 
w computed here justifies the conclusion that conformal theory explains both the 
existence and magnitude of dark energy. 
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